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NATIONAL FOREWORD 

This Indian Standard which is identical with ISO 14852 : 1999 'Determination of the ultimate aerobic 
biodegradability of plastic materials in an aqueous medium — Method by analysis of evolved carbon dioxide' 
issued by the International Organization for Standardization (ISO) was adopted by the Bureau of Indian 
Standards on the recommendation of the Plastics Sectional Committee and approval of the Petroleum, Coal 
and Related Products Division Council. 

The text of ISO Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is 
particularly drawn to the following: 

a) Wherever the words International Standard* appear referring to this standard, they should be read as 
•Indian Standard'. 

b) Comma (,) has been used as a decin^l marker in the International Standard while in Indian Standard, 
the current practice is to use a point (.) as the decimal marker. 

The technical committee responsible for the preparation of this standard has reviewed the provisions of the 
following International Standards and has decided that they are acceptable for use in conjunction with this 
standard: 

international Standard Title 

ISO 8246 : 1 999 Water quality — Guidelines for the determination of total organic carbon (TOC) 

and dissolved organic carbon (DOC) 

ISO 9439: 1999 Water quality — Evaluation of ultimate aerobic biodegradability of organic 

compounds in aqueous medium — Carbon dioxide evaluation test 

IS0 10634 : 1995 Water quality — Guidance for the preparation and treatment of poorly water- 

soluble organic compounds for the subsequent evaluatk>n of their biodegradability 
in an aqueous medium 

ISOrm 1 5462 : 1 997 Water quality — Selection of tests for biodegradability 

Technkial Comgendum 1 to the above International Standard has been given at the end of this standard. 

In reporting the results of a test or analysis made in accordance with this standard, if the final value, 
observed or calculated, is to be rounded off, it shall be done in accordance with IS 2 : 1960 'Rules for 
rounding off numerical values {revised^. 
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Indian Standard 

DETERMINATION OF THE ULTIMATE AEROBIC 

BIODEGRADABILITY OF PLASTIC MATERIALS IN AN 

AQUEOUS MEDIUM -- METHOD BY ANALYSIS OF 

EVOLVED CARBON DIOXIDE 

WARNING — Sewage, activated sludge, soil and compost may contain potentially pathogenic organisms. 
Therefore appropriate precautions should be taken when handling them. Toxic test compounds and those 
whose properties are unknown should be handled with care. 

1 Scope 

This International Standard specifies a method, by measuring the amount of cartx)n dioxide evolved, for the 
detemnination of the degree of aerobic biodegradability of plastic materials, including those containing fomnulation 
additives. The test material is exposed in a synthetic medium under laboratory conditions to an inoculum from 
activated sludge, compost or soil. 

If an unadapted activated sludge is used as the inoculum, the test simulates the biodegradation processes which 
occur in a natural aqueous environment; if a mixed or pre-exposed inoculum is used, the method can be used to 
investigate the potential biodegradability of a test material. 

The conditions used in this International Standard do not necessarily correspond to the optimum conditions allowing 
maximum biodegradation to occur, but the standard is designed to determine the potential biodegradability of plastic 
materials or give an indication of their biodegradability in natural environments. 

The method enables the assessment of the biodegradability to be improved by calculating a cart>on balance 
(optional, see annex C). 

The method applies to the followir>g materials: 

— Natural and/or synthetic polymers, copolymers or mixtures thereof. 

— Plastic materials which contain additives such as plasticizers. colorants or other compounds. 

— Water-soluble polymers. 

— Materials which, under the test conditions, do not inhibit the microorganisms present in the inoculum. Inhibitory 
effects can be determined using an inhibition control or by another appropriate method (see e.g. ISO 8192121), if 
the test material is inhibitory to the inoculum, a kswer test concentration, another inoculum or a pre-exposed 
inoculum can be used. 

2 Normative references 

The fblkwing standards contain provisions which, through reference in this text, constitute provisions of this 
International Standard. At the time of publication, the editions indicated were valid. All standards are subject to 
revision, and parties to agreements based on this International Standard are encouraged to investigate the 
possibility of applying the most recerrt editions of the standards indicated t)elow. Members of I EC and ISO maintain 
registers of currently valid International Standards. 

ISO 8245:1999, Wafer quality — Guidefines for the determination of total organic carbon (TOC) and dissolved 
organic cartxxi (DOC). 
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ISO 9439 —^\ Water quality — Evaluation of ultimate aerobic biodegradability of organic compounds in aqueous 
medium — Carton dioxide. evolution test. 

ISO 10634 1995. Water quality — Guidance for the preparation and treatment of poorly water-soluble organic 
compounds for ttre subsequent evaluation of their biodegradability in an aqueous medium. 

ISO/TR 1 5462; 1 997. Water quality — Selection of tests for biodegradability. 



3 Defintttons 

For the purposes of this International Standard, the following definitions appfy: 

3.1 

ultimate aerobic biodegradation 

the breakdown of an organic compound by miaoorganisms In the presence of oxygen into cartx>n dioxide, water 
and mineral salts of any other elements present (mineralization) plus new biomass 

32 

activated sludge 

biomass produced in the aerobic treatment of waste water by the growth of bacteria and other microorganisms in 
the presence of dissolved oxygen 

3.3 

concernration of suspended solids in an activated sludge 

the amount of solids obtained by filtration or centrifugation of a known volume ol activated sludge and drying at 
about tOS *C to constant mass 

3.4 

dissolved inorganic cart>on 

Die 

that part of the rnorganic cart)on in water which cannot t>e removed by specified phase separation, for example by 
centrifugation at 40000ms ^ for 15min or by membrane filtration using membranes with pores of 0,2 jxm to 
0.45 ^m dtameter 

3,5 

theoretical amount of evolved carbon dioxide 
ThCOj 

the maximum theorettcal arrwunt of cart>on dioxide evolved after completely oxidizing a chemical compound, 
calculated from the molecular formula arKJ expressed as milligrams of cartion dioxide evolved per milligram or gram 
of test compound 

3J 

total organic carbon 

TOC 

all the carbon present m organk: matter whk:h is dissolved or suspended in water 

3.7 

c&ssotved organic carbon 

DOC 

that part of the organk; cartXKi in water whk:h cannot be removed by specified phase separatk)n, for exannple by 
centnfugatjon at 40 000ms"2 for 15min or by membrane filtration using n>embranes with pores of 0.2 ^im to 
0,45 ^m di^neter 



^5 To be pobbshed (Rev?s*on of ISO 9439: 1990) 
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3.8 

lag phase 

the time, measured in days, from the start of a test until adaptation and/or selection of the degrading 
microorganisms is achieved and the degree of fcMOdegradation of a chemical compound or organic matter has 
increased to atx)ut 10 % of the maximum level of biodegradation 

3.9 

maximum level of biodegradatlon 

the degree of biodegradation, measured in per cent, of a chemical compound or organic matter in a test, atx)ve 
which no further biodegradation takes place dunng the test 

3.10 

biodegradation phase 

the time, measured in days, from the end of the lag phase of a test until about 90 % of the maximum level of 
biodegradation has been reached 

3.11 

plateau phase 

the tirT>e, measured in days, from the end of the biodegradation phase until the end of a test 

3.12 
pre-exposure 

the pre-incubation of an inoculum in the presence of the chemical compour>d or organic matter under test, with the 
aim of enhancing the ability of the inoculum to biodegrade the test material by adaptation and/or selection of the 
microorganisms 

3.13 
pre<onditioning 

the pre-incubation of an inoculum under the conditions of the subsequent test in the abser>ce of the chemical 
compound or organic matter under test, with the aim of improving the test by acclimatization of the microorganisms 
to the test conditions 

4 Principle 

The t>iodegradabitity of a plastic material is determined usir>g aerobic nvcroorganisms in an aqueous system The 
test mixture contains an inorganic medium, the organic test material (the sole source of carbon ar>d energy) with a 
concentration between 1CX) n>g/l and 2 000 mg/1 of organic cartxjn. arKJ activated sludge or a suspension of active 
soil or compost as the inoculum. The mixture is agitated in test flasks and aerated with carbon-dioxide-free atr over 
a penod of time depending on the biodegradation kinetics, but not exceeding 6 fTK>nths The cartx)n dioxtde evolved 
dunng the mk:robial degradation is determined by a suitable analytical method, examples of which are given in 
annexes A and B. 

The level of biodegradation is determined by comparing tt>e amount of cart)on dioxide evolved wrth ttte theoretical 
amount (ThC02) and expressed in per cent. The test result is tt>e maximum level of biodegradation, detenroned 
from the plateau phase of the biodegradation curve. Optionally, a cart)on balar>ce may be calculated to give 
additional infonmatton on the biodegradation (see anr>ex C). 

Unlike ISO 9439, whk:h is used for a variety of organk; compounds, this International Standard is spedaPy desigr>ed 
for the determinatkjn of the biodegradat>ility of plastic matenals. The speoal requirements necessary affect the 
choice of the inoculum and the test medium, arwj there is the possibility of improving the evaluaton of the 
biodegradability by cakxilating a c^txm t>alar>ce. 

5 Test environment 

lncubatk>n shall take place in the dark or in diffuse Hght in an enck>sure which is free from vapocrs rih^^^ory to 
nrwrroorgarrisms and whk:h is maintamed at a constant terr\perature, preferably between 20 *C and 25 *C. to an 
accuracy of ± 1 *C» or at any other d;^>rc^ate tenfiperature depeodir>g on tfie irK)cukim used arxj the ertvironment 
to be assessed. 

NOTE With a compost inoculum, higher temperatures may be appropriate 
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6 Reagents 

Us© on»y reagents of recognized analytical grade. 

$.1 Distilled or delonized wMer, free of toxic substances (copper in particular) and containing less than 2 mg/1 of 
DOC. 

6JS Test medium. 

Depending on the purpose of the test, different test media may be used. For example, if simulating a natural 
environment use the standard test medium (6.2.1). If a test material is used at higher concentrations, use the 
optimized test medium {6.2-2) with higher buffering capacity and nutrient concentrations, 

6^1 Standard test medium 

ejLI.1 Solution A 

Dissolve 

anhytfrous potasskim dihydrogen phosphate (KH2PO4) 8.5 g 

anhydrous dipotassium hydrogen phosphate (K2HPO4) 21 ,75 g 

disodjum hydrogen phosphate dihydrate (Na2HP04 2H2O) 33.4 g 

ammonium chloride (NH4CI) 0,5 g 

in water (6.1) and make up to 1 CXK) ml. 

NOTE The oorroct composition of the solution can be checked by measuring the pH. which should be 7.4. 

e.2,1^ Solution B 

D»sso»ve 22.5 g of magnesium sulfate heptahydrate (MgSO^ 7H2O) in water (6.1) and make up to 1 000 mL 

e^1.3 Solution C 

C^soKw 36.4 g of calcium chkxide dihydrate (CaCl2 2H2O) in water (6. 1 ) and make up to 1 0CX) ml. 

eJt.1.4 Solution 

Dasolve 0,25 g of tron(m) chkxide hexahydrate (FeCi3 6H2O) in water (6.1 ) and make up to 1 (XK) ml. 

Prepare this sotution freshly before use to avoid precipitation, or add a drop of concentrated hydrochk)ric acid (HCI) 
or a drop of 0.4 g/l aqueous solution of ethylenediaminetetraacetic acid (EDTA). 

6^.1.5 Prepsrstion 

To prepare 1 litre of test medium, add. to about 500 ml of water (6.1 ). 

— lOmlof solution A; 

— 1 ml of each of solutions 8 to D, 

Make ^> to lOOOnr^wi^ water (6.1). 

iJU Op^mizsd test mecfium 

This optimized medium is highly buffered arKi contains more inorganic nutrients. This is necessary to keep the pH 
constant m the system durir>g the test, even at high concentrations of the test material. The medium contains about 
2400 mgfl of phos^^KXUs and 50 mgA of nitrogen and is therefore suitable for concentrations in the test material of 
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up to 2000 mg/I of organic carbon If higher or tower test-material concenlrations are used, increase or cJecrease 

respectively the nitrogen content to keep the C N ratio at about 40, 1 . 

6.2.2.1 Solution A 

Dissolve 

anhydrous potassium dihydrogen phosphate {KH2PO4) 37.5 g 

disodium hydrogen phosphate dihydrate (Na2HP04 2H2O) 87,3 g 

ammonfum chloride (NH4CI) 2,0 g 

in water (6.1 ) and make up to 1 000 ml. 

6.2.2.2 Solution B 

Dissolve 22,5 g of magnesium sulfate heptahydrate {MgS04 7H2O) in water (6.1 ) and make up to 1 000 ml. 

6.2.2.3 Solution C 

Dissolve 36.4 g of calcium chloride dihydrate (CaCI^ 2H2O) in water (6.1) and make up to 1 000 ml. 

6.2.2.4 Solution D 

Dissolve 0,25 g of iron(ni) chloride hexahydrate (FeCI^ 6H2O) in water (6.1) and make up to 1000 ml (see second 
paragraph of 6.2.1.4), 

6.2.2.5 Solution E (trace-element solution, optional) 

Dissolve in 10 ml of aqueous HCI solution (25 %. 7.7 mol/l). in the following sequence: 

70 mg of ZnCl2. 100 mg of MnClj 4H2O, 6 mg of H3BO3, 190 mg of CoClj eHjO, 3 mg of CUCI2 2H2O. 240 mg of 
NiClj 6H2O, 36 mg of Na2Mo04 2H2O, 33 mg of Na2W04 2H2O and 26 mg of NajSeOa SHjO 

and make up to 1 000 ml with water (6.1 ). 

6.2.2.6 Solution F (vitamin solution, optional) 

Dissolve in 100 ml of water (6.1) 0,6 mg of biotine, 2,0 mg of niacirtamide. 2,0 nng of />aminot)ef«oate, 1.0 mg of 
panthotenic acid, 10.0 mg of pyridoxal hydrochlonde, 5,0 mg of cyanocobalamine, 2,0 mg of folic aod. 5.0 mg of 
ritx>flavin, 5,0 mg of DL-thioctic acid and 1.0 mg of thiamine dichlonde or use a solution of 15 nng of yeast extract in 
100 ml of water (6.1). Filter the solution for sterilization using membrane filters (see 7,6). 

NOTE Solutions E and F are optional and are not required if a sufficient concentrabon of the inoculum is used, eg 
activated sludge, sott or compost. It is recommended that 1 mt porttons be prepared ar>d kept refngerated until use. 

6.2.2.7 Preparation 

To prepare 1 litre of test medium, add. to about 800 ml of water (6.1 ), 

— lOOmlof solution A; 

— 1 ml of each of solutions B to D and. optk>nally, E and F. 
Make up to 1 000 ml vwtti water {6. 1 ) and measure the pH. 

NOTE The correct composition of the test medium can t>e checked by measuring the pH. which shoukj be 7,0 ± 0.2. 

6.3 Pyrophosphate solution. 

Dissolve 2,66 g of sodium pyrophosphate (Na4P207) in water (6.1) ar>d nnake up to 1 000 ml. 
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7 Apparatus 

Ensure that all glassware is thoroughly deaned and, in particular, free from organic or toxic matter. 
Required is usual laboratory equipnrtent. plus the following: 

7.1 Test flasks: glass vessels (eg. botUes or conicat flasks) designed to allow gas purging and shaking or slin-ing, 
and fitted with tubing impermeable to CO2. The vessels shall be kx:ated in a constant-temperature room or in a 
thermostatted apparatus (e.g. water-bath). 

7.2 COj-frce^ir production system, capable of supplying COj-free air at a flow rate between 50 ml/min and 
100 ml/min to each test flask, held constant to within ± 10 % (see example of system, including test vessels, in 
annex A). 

7.3 Analytical instrument for detemiining carbon dioxide, consisting of any suitable apparatus with sufficient 
accuracy, eg. a CO2 or DIG analyser or apparatus for titrimetric determination after complete absorption in a basic 
solution (see examples In annex B). Note that, if an analyser with an IR detector, for instance, is used, C02-free air 
is not necessary. 

7.4 Analytical equipment for measuring total organic carbon (TOC) and dissolved organic carbon (DOC) 
(see ISO 8245). 

7.5 Analytical t>alance (usual laboratory equipment). 

7.8 Centrifuge, or fiHratton device with n^embrane filters (0.45 ^m pore size) which neither adsorb nor release 
organic cart)on significantly. 

7.7 pH meter (usual laboratory equipnr>ent). 

7.B Magnetic stirrer or shaking device (usual laboratory equipment). 

8 Procedure 
8.1 Test material 

The test material shall be of known n*»ass and contain sufficient carbon to yield CO2 in a quantity that can be 
adequately measured by the analytical system used. Calculate the TOC from the chemical formula or determine it 
by 3 suitat>le anatytical technique (e.g elemental analysis or measurement in accordance with ISO 8245) and 
cak:ulate U^e ThC02 ^^® ^ concentration of test material such that the TOC content is at least 100 n>g/l. The 
maximum arrxHint of test matehal is Hmrted by the oxygen supply to the test system and the test medium used. 
When uS4ng the optimized test medium (6.2.2) the test-material concentration shall be such that the TOC does not 
exceed ^XHit 2 000 mg/l. ie a C;N ratio of atxxjt 40 1. If higher concentrations are to t>e tested, increase the 
nitrogen anrKKjnt in the test medium 

MOTE The test matenal should preferably be used in powder fomn. t)ut it may also be introduced as films, pieces, 
fragments or shaped afbdes The form and shape of the test material may influence its biodegradability. Similar shapes should 
preferably be used *f different kmds of plastic matehal are to be compared. If the test material is used in the form of a powder, 
particles of known, narrow size dtstnbution should be used A partide-size distribution with the maximum at 250 ^m diameter is 
recommended Also, the size of the test equtpment used may deper>d on the form of the test matenal. It should be ascertained 
that no subst;»it)al mechantcal at>en'alion3 occur due to the test conditions, for example due to the type of stirring mechanism 
used Processing of ^>e test material (eg the use of powdef in the case of composites) should not influence significantly the 
degradation behaviour of the material Optionally, recwd the hydrogen, oxygen, nitrogen, phosphorus and sulfur contents and 
the moieculaf mass o^ a polymeric test material, usif>g for example liquid exdusion chromatography (see e.g. 
ASTM 3536-91^^1 or any other ap^cable stand^d method). Preferably, piastic materials without additives such as 
piastjozers should be tested When the material does contain such additive, information on their biodegradability will be 
needed to assess the fcNOde9addt)«lity of the po^eric material itsetf . 



For det^ on hew to handle poorty water-soluble compourids, see ISO 10634. 
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8.2 Reference material 

Use aniline and/or a well defined btodegradable polymer (for example miaociystaliine cellulose powder, ashless 
c^ellutose filters or po!y->ff-hydroxybutyrate) as a reference matenaf If posstbte. the TOC, form and sue should be 
comparable to that of the test material. 

As a negative control, a non-biodegradabte polyn>er (eg polyethylene) m the san>e form as the test matenat can 
optionally be used. 

8.3 Preparation of the inoculum 

Activated sludge from a sewage-treatment plant treating predominantly don^estic sewage is a suitable source of the 
inoculum. It is obtained from an active aerobic environment and is avarlable over a wrde geographical area m which 
a broad range of plastic materia.s has to be tested. Alternatively, soil and/or compost suspensions can be used for 
inoculation, as with some plastic materials the activity of fungi is important for biodegradatton When brodegradatton 
in a specific waste-treatment system is to be determined, collect the inoculum from that environment 

The inoculum can t>e prepared from the sources described in 8 3.1 and 8.3.2, or from a mixture of these sources tn 
order to obtain a varied and concentrated microbial flora with sufficient biodegradation activity. If the endr>genous 
respiration of the inoculum is too high, stabilize the inoculum by aeration before use. Harmonize the test 
temperature with the inoculum used (see note to clause 5). 

NOTE It may be useful to determine the colony-forming units (cfu) of the inoculum used The tes! mixture st-jould preferably 
contain atXHit 10"® cfu/ml. 

8.3.1 Inocutum from wastewater-treaUnent ptants 

Take a sample of activated sludge collected from a well-operated sewage- treatment plant or a laboratory plant 
handling predominantly domestic sewage. Mix well, keep the sample under aerobic conditions and use preferably 
on the day of collection (at least within 72 h). 

Before use, detemiine the concentration of suspended solids (use eg ISO 1 1923*31). If necessary, concentrate tt>e 
sludge by settling so that the volume of sludge added to the test assay is minimal Add a suitable volume to obtain 
suspended solids in the range 30 mg/l to 1 000 mg/1 in the final mixture. 

NOTE 1 When biodegradation processes in a natural environment are to be simulated or when a cartoon balance 
determination (see annex C) is to l>e carried out, an inoculum concentration of 30 mg/'i suspended sohds ts recommended As 
solid matter can interfere with the carbon balance determination, the following procedure for prepanng the inoculum is 
recommended. Take 500 ml of the activated sludge and homogenize for 2 min at medium speed tn a blender or tn a su/tabie 
high-speed niixer. Allow to settle until the supemalant liquid contains no significant amounts of suspended n\attef, but m any 
case for at least 30 min. Decant a suffioent volume of the supernatant liquid arvd add it to the test flasks to obtain a 
corw^ntration of 1 % (^7^ to 5 % (Vi^') in the test medium Avoid carrying over sludge particles 

NOTE 2 An ir>oculum may be pre-conditioned, but normally no pre-exposed inoculum should be used, espeoalty »n the ca*ie 
of standard tests simulatir>g biodegradation behavkjur in natural environments Depending on the purpose of tt^e test, a pr^- 
exposed inoculum may also t>e used, provided this is dearly stated in tf>e test report (e g per cent biodegradation - » %. ustr>g 
pre^xposed inocula) and the method of pre-exposure detailed m the test report Pre-exposed inocuta can be obtained from 
suitable laboratory biodegradation tests (see ISO/TR 15462; conducted under a vanety of conditicms or from samples collected 
from locations where relevant environmental corrditions exist (e g contaminated areas or todustnal treatment plants) 

8.3.2 Inoculum from soil and/or compost 

Suspend 10 g of non-sterile, fertile soil or compost from a composting plant treating predominantly organic waste in 
100 mi of the test medium (6.2.1 or 6.2.2) or in a pyrophosphate solution (6.3) which is commof>ly used *n soil 
microbiology. Allow to settle for about 30 min Decant and filter the supernatant liquid through a coarse porous filter 
arid add the inoculum to tf»e test flasks to obtain a concentration of 1 % {y/l') to 5 % {yy) m tie test n>edium. 
Higher anr>ounts of inoculum can be used if necessary, but ^is may cause problems in establishing carbon 
balances. The use of compost can increase tt>e number of fungi in the test flasks and irr>prove the biodegradation of 
plastic matefials. In this case, mdicate the state of the compost used in the test report (eg rr^ature compost. 
compel from the hot phase at about 50 *C). 



IS/ISO 14852: 1999 

8.4 Test 

Provide a number of flasks, so that the lest includes at least the following: 

a) Two test flasks for the test malenal (symbol Fy). 

b) Two flasks for the blank (symbol Fg). 

c) One flask for checking the inoculum activity using a reference matenal (symbol F^). 
And. if required 

d) One flask for checking for possible abiotic degradation or non-biologica! change in the test material such as by 
hydrolysis (symbol Fg) The test solution in Fg snail be sterilized, for example by autoclaving or by the addition 
of a suitable inorganic toxic compound to prevent microbial activity. Use, for example, 5 ml/1 of a solution 
containing 10 g;1 of mercury(ll) chloride (HgClj). Add the same amount of the toxic substance during the test if 
required 

e) One flask as a negative control (symbol F^) using a non-biodegradable polymeric substance (e.g. 
polyethylene) in the same form as the test material. 

f) One flask for checking the possible inhibiting effect of the test material on microbial activity (symbol F,). Take 
care that the ratio of carbon in the test and reference material to nitrogen in the nredium is at least about 
C F4 - 40 1 . Add nitrogen if required. 

Add appropnate amounts of the test medium (6 2) and the inoculum (see 8.3) to the test flasks as indicated in 
table 1 . 

Table 1 — Final distribution of test and reference materials 



Ftask 


Test material 


Reference material 


Inoculum 


F^ Tost 


> 


- 


♦ 


F^ Test 


+ 


- 


♦ 


Fq Blank 


- 


- 


♦ 


Fg Biank 


- 


- 


♦ 


ff^ tfxxrulum check 


- 


*■ 


« 


F 5 Abtotic degradabon check (optional ) 


♦ 


- 


^ 


F, lnhib<t}on control (opttonal) 


+ 


♦■ 


* 


F^ ^tegabve control (optionat) 


- 


♦ 


+ 



Connect the flasks to the C02-free*air production system (see annex A). Incubate at the desired test temperature 
(see clause 5) and aerate the flasks for 24 h to purge cartx>n dioxide from the system. At higher temperatures, 
prevent any ingress or kjss of liquid by means of suitable equipnnent. Agitate throughout the test with a magnetic 
stirrer or shaker If excessive foaming is observed, replace the air purge by overhead aeration with stirring. After the 
pre-aeration period, connect the air exit of each flask to the carbon dioxkle trapping or measuring system. 

if a carbcKi t)alance is to be run (see annex C), renrrove a known sufficient volume of the inoculated test nnedium 
from each flask or from additional separate flasks for DOC and biomass determination at the beginning and the end 
of the incubation penod. Consider the renwyed volume when adjusting the final volume or when calculating the test 

results 

Add the test material (8.1). the reference material and the material for the negative control (8.2) to the respective 
flasks as indicated tn table 1 and start the test by but)bling C02-free air through the flasks to ensure a sufficient 
quantity of oxygen thoughout tfw test. A rate of 50 ml/min to 100 ml/min is usually suitable. 
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Measure at regular intervals, depending on the carbon dioxide evolution rate, tfie anrount of carbon dioxtde evolved 
from each bottle, using a suitable and sufftctently accurate method (see annex B) 

When a constant level of carbon dioxide release is attained (plateau phase reached) and no further bK>degra<Jation 
Is expected, the test is considered to t>e completed. The maximum test penod is 6 months. In the case of »of>g test 
durations, special attention must be paid to the technical system (e.g. tightness of the test vessels and connections, 
ensurir^g no cart>on dioxide enters and ensuring there are no leakages). 

On the last day of the test, measure the pH, acidify ail the bottles with 1 ml of concentrated hydrochtonc aad m 
order to decompose the cart>onates and bicartwnates, and purge to rerrwve the cartx>n d»oxide. Continue aeration 
for 24 h and measure the artKiunt of carbon dioxide evolved in each of the series of flasks (Fy. Fg. Fc,.)^ 

9 Calculation and expression of results 

9.1 Calculation 

d.1.1 Theoretical amount of cart>on dioxide evolved by the test material 

Calculate the theoretical amount of carbon dioxide (ThC02) evolved, expressed in milligrams. ustr>g equation (1) 

44 

TbCOo =mx;rcX — (1) 



where 



is the mass of test material introduced into the test system, in miMigranns. 



X^ is the cartwn content of the test material, determined from the chenrwcal formula or cak^uiated from 

an elemental aniysis and expressed as a mass fractk>n; 

44 and 12 are the molecular mass of carbon dioxide and the atomic mass of cart)on, respectively. 

Calculate in the same way the theoretical anxxint of carbon dioxide evolved by the reference malenal arKl the 
mixture of test and reference material in flask F,. 

9.1.2 Percentage biodegradation from CO2 evolution 

Calculate the percentage biodegradation D, for the test flasks Fj from the anrxxjnt of carbon dioxtde evolved for 
each measurenDent interval using equatron (2) 

ThCOj 
where 

LCCOjVr is the amount of carton dioxide evolved in flask Fy t>etween the start of the test and l^ne t, 
expressed in nrtilligran^; 

2^C02)b is the anrxxint of carbon dioxide evolved in the blank flask Fg betwew the start of the test and lime 
t, expressed in milligrams; 

TT1CO2 is the theoretk:al anxHjnt of carbon dk)x»de evoJved by tt^ test material, expressed in nr^iWgrams 

If possible, cateulate the average for the dupftcate flasks. In the same way. cateulate the percentage biodegradation 
of the reference material in the inoculum check flask F^ and. if included, the percentage btodegradatton of the 
mixture of test and refererKe n^teriaJ in the tnhit)ttion confrd F^. the test material k) the at)iotic de^adatkxr corrtrol 
F5 and the negative control F,^^ 
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ti a cartjcn balance 'S to be run calculate me degree of btodegradaUon of the test material from the amount of 
camon diojcide evoked an/1 the carbon content of the bvomass fonned dunng the test (see annex C). 

9.2 Exprtftslon arKl interprstatlon of results 

Compite a tabie of carbon dioxtde released and the percentage biodegradatton for each measurement interval and 
eac^ test n^sk for each vessel piot a curve of the cartoon dioxide evolved and a curve of the percentage 
biodegfadatjon as a ^J^ctlon of tjme i^ comparable results are obtained for the duplicate flasks, a mean curve may 
be plotted 

The maxjmum level of bKXJegradation deterTn»ned as the mean value of the plateau phase of the biodegradation 
o^e Of the highest vafue. eg when the curve decreases or. further on. slowly increases in the plateau phase. 
dyatactenzes the degree of twdegr^Jation of the test matenal. tf a cartx)n balance has been determined, the result 
of this cJetefmmation characteores the total degree of b*odegradat»on. 

The wettability and the shape of the test matenal may influence the result obtained, and hence the test procedure 
may be ^mited to companng piastic materials of similar chemical structure. 

Informaton on the toxicity of the test maXenak may be useful in tt>e interpretation of test results showing a low 
biociegfadabtitty 

10 Validity of resurts 
The test ts considered valid tf 

a) the degree of b»odegradat>on of tr>e reference matenal (inoculum check F^) is > 60 % at the end of the test. 

b) the amount of cartxjn dioxide which has evolved from the blank Fg at the end of the test does not exceed an 
upper bmftmg vaKie ot)C8tr>ed t}y experience (this value deper>ds on the amount of inoculum and is, for example, 
in the case of 30 m^rl dry matter about 90 mg/) as inteflaboratory tests have shown). 

If m rtask F, ((nh^xtton check, if included) the percentage bKxJegradation is < 25 % and no significant degradation of 
the lest matenal m observed, rt can be assun>ed that the test matenal is inhibitory. 

If m fU»k F^ (abiotic degradation check, if included) a significant amount (> 10%) of evolved carbon dioxide is 
ot>9erved. abiot»c degradation processes may have taken place 

If ntmk f^ (negirtive control) was induded, no significant amount of evolved cartoon dioxide shall be observed. 

If theae s^itena are not fuifiSed. repeat the test usmg another pre-condft)oned or pre-exposed inoculum. 

1 1 T«st rapoit 

Ttie test report shall contain at least the following information 

a) a r^erence to this International Star>dard 

b) al information necessary to identify the test and reference materials, including their TOC, ThCOj. chemical 
oonnpos4)on and formula (if known), shape, form and amount/corvcentration in the samples tested; 

c) the m^n lest parametem. inckic^ test votun^. test medii^n used, incubation temperature and final pH. 

d) the source and amount of the »noculum used. irKkKJing details of any pre-exposure and the state of the 
oompoet used. 

e) the analyfecat tecftmjui^ used mcltK^ mettiods of cartoon ckixide detection and TOC. DOC and biomass 
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S an rhe test results obtd'f^ietJ -or !he test rind fe'erence ^>.atenats \*n tabular iin;3 Qfapt\ic:a! fwrn) rndodtrrg tf>€* 
measu-'eil ac cum uM ted carbon, dsc-xule U^e pefct-ntc^gc^ t/iOdecjfadjViton vdtues ami t^te fest:)«tcttvt^ curv<*» o* 
these parameters against time 

g) the duration of the lag phase biodegradatton phase and rr^aximum ^evet o! degradation, as weH as the total t*»»t 
duration, 

and optionally tf run or determined 

h) the results of the abiottc degradation check r,^, the inhibition control T, and the nagattv^ controi F^^ 

I) the results of the carbon Oatance detemi'.naticn .nciudmq for example 

1) the amount of carbon m the test material oxidized to cartx>n dtoxtde, 

2) the increase tn DOC *n the test medium dunng the ircubatson penod due to water- &olubie substances, 

3) the increase in organic carbon m the biomass during the test, 

4) the carbon content of the residual polymers at the end of the test. 

5) the sum of all the carbon measured, expressed as a percentage of the cart>on introduced as th« t«st 
matenat. 

i) the colon y-fomr\(ng units (cfu/ml) in the inoculated lest mixtures, 

k) any other relevant data (e g initial molecular mass of the sample, moiecutar mass of lh«> rostduai po*ym©f ) 
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Annex A 

(informative) 

Prjncipie of a system for measuring evolved carbon dioxide (example) 



The flasks are set up in senes as shown tn figure A,1. connected together with gas-impermeable tubing. 50 ml/min 
to 100 ml/mtn of C02-free atr ts passed through the system at a constant low pressure. Count air bubbles or use a 
suitable flow-rate controller to check the air-flow rate. Use synthetic C02-free air or compressed air. In the latter 
case, remove the COj by passing the air through a twttle containing dry soda lime or through at least two wash 
botties containing eg 500 ml of a 10 nnol/1 aqueous solution of potassium hydroxide (KOH). Use an additional flask 
containing 10O ml of 0.0125 moI/1 banum hydroxide [Ba(0H)2] solution to indicate the presence of any CO2 in the air 
by turb»dtty. An empty flask between the indicator and the following test flask can be used to prevent liquid carry- 
over. CO2 ts produced in the test flask if biodegradation takes place and absorbed in the subsequent absorber 
t>ott!es for determination as descnbed in annex B. 



1 
2 
3 
4 
5 
6 
7 



Compf essed air 

Ftow-i3te con&olJef 

C3rtx>n dioxide trap (eg two wash t>ottJes contairwig alkaN) 

Cafbort diOKide irrdrcatof [Ba(OH)2J 

Test v9ss«* 

StJrrer 

Cafto« diowde trap {eg two wash bottles containing aik^} 



RgumAul 
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Annex B 

(informative) 

Examples of methods for the determination of evolved carbon dioxide 



B.I CO2 determination by DIG measurement 

The carbon dioxide evolved is absorbed in sodium hydroxide (NaOH) solutron and determined as dissolved 
inorganic carbon (DIG) using e.g. a DOC analyser without incineration. 

Prepare a solution of 0,05 mol/1 NaOH in deionized water. Measure the DtC of this solution and use this blank value 
when calculating the COj production. Connect in series with the test flask tvwD absort>er bottles each containing 
100 ml of the NaOH solution. Close the outlet of the last txjttle with a small syphon to prevent CO- from the atr from 
entering the NaOH solution. On the days of when the COj is determined, remove the absort>er bottle next to the test 
flask and take a sample large enough for QIC measurement (e.g. 10 ml). Replace the t>ottte by the second and add 
a new one with freshly prepared NaOH solution. On the last day, after acidification of the test solution, measure the 
DIG in both bottles. 

Calculate the CO2 produced using equation (B.1 ) 

, (D[Cy-DICB)x3.67 
(C02)t =^— ^— fo^ ^®^> 

where 

(002)7 is the mass of CO2 evolved, in milligrams; 

DIO|- is the measured DIG, in milligrams; 

DIGq is the blank DIG measured for the NaOH solution, in milligrams; 

3,67 is the ratio of the molecular mass of GO2 (44) to the atomic mass of carbon (12), 

to is a correction factor to allow for the fact that 100 ml of NaOH solution was used 

B.2 Tttrimetric metliod using a barium hydroxide solution 

The CO2 pfo<kiced reacts v^fith the barium hydroxide [Ba(OH)2l and is precipitated as banum cart>onate (BaG03) 
[see reaction (6.2)], The anrK)unt of CO2 evolved is determined by titrating the remaining Ba{OH)2 with hydrochkxK 
add (HCI) [see reaction (B.3)l. 

CO2 + Ba{OH)2 -♦ BaCOj + HjO - ^ (B.2) 

Ba(OH)2 + 2HCI -> BaGl2 + 2H2O (B 3) 

Dissolve 4,0 g of Ba(OH)2 SHjO in deionized or distilled water and make up to 1000 ml to obtain a 0.0125 moUl 
soiutksn. it is recommended that a sufficient amount, eg. 5 litres, be prepare<i at a time w^en ainning a senes of 
tests. Filter free of solid material and determine the exact concentration by titration with a standard HCI solution. 
Use phem^^hthatein as indicator or an automatic titrator to determine the end-point. Store as a dem solution m 3 
seated flask to prevent absorption of GO2 from the air. 
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CNiute 50 mi of a 1 moU\ HCI solution (36.5 g/l) to 1 000 ml with deionized or distilled water to obtain a 0,05 mol/l 
solution. 

At the start of the test, dispense exactly 100 ml of Ba{0H)2 solution into each of three absort)er bottles. Depending 
on the character and anrxMint of the test material, use modifications of the trapping volumes. Periodically remove the 
bottle nearest the test vessel for titration. This should take place as needed, e.g. when the first bottle is turbid and 
before any precipitation of BaC03 can be observed in the second tx}ttle. At the beginning of the test, titration may 
be rexquired every other day and then every fifth day when the plateau phase is reached. After removing the 
a5sort)er bottfe. immediately seal it with a plug to avoid CO2 entering firom the air. Move the remaining two bK>ttles 
one position closer to the test bottle and place at the end of the series a new bottle filled with fresh Ba(OH)2 
solution. Especially if longer test periods are used, determine the exact concentration of the solution. Handle all 
nasks containing test matenal, reference material, blank, inhibiti<wi control and inoculum control in exactly the same 
way. 

Immed ately after removir>g the tx>ttle, titrate two or three aliquot portions of the Ba{OH)2 solution with the HCI 
solution, Note the volumes of the HCI solution needed for neutralization. 

Calculate the mass of CO2 trapped in the absorber bottle is using equation (B.4): 



^A^T^ x^A^22 ...(B.4) 

''BZ J 

^4\ere 

m is the mass of CO2 trapped in the absort)er bottle, in milligrams; 
cp^ IS the exact concentration of the HCI solution, in moles per litre; 
i 8 IS the exact concentration of the Ba(0H)2 solution, in moles per litre; 
y^Q is the volume of the Ba(OH)2 solution at the l>egtnning of the test, in millilitrBs; 
Tq^ is the volun>e of the Ba(0H)2 solution at time r, before titration, in millilitres; 
y^i IS the volume of the aiiquots of Ba(0H)2 solution used for titration, in millilitres; 
r^ IS the volume of the HCI solution used for btratKjn, in millilitres; 
22 iS half the molecular mass of CO2- 
When the following conditions apply 

— the volume of the Ba(0H)2 solution before and after absorption is exactly 100 ml; 

— the cc^ptete solution is used for the titration (V^o = Vg^ = Vq^). 

— me concentration cq of the Ba{0H)2 solution is exactly 0.0125 mol/l; 

— ^he concentration c^^ of the HCI solution is exactly 0.05 mol/l; 
use equation (8.5) 



U 



A 



IS^SO 14852 : 1999 



Annex C 

(informative) 

Example of the determination of a carbon balance 



C.I Principle 

Ptastic materials are normalty of more complex composition than substances with low motecular masses The 
detemnination of CO2 evolution or of BOD alone is often not sufficient to charactenze and quantify thetr 
biodegradability. During biodegradation. new biomass is built up by the microorganisms and a part of the carton in 
the test material is transfonmed to biomass but not biochemically oxidized. Therefore analytical parameters such as 
CO2 evolution and BOD will often not reach 1 00 % of the respective theoretical values even in the case of comptete 
biodegradation of a test material, and insufficient degradation could falsely be deduced from the test results. The 
determination of a total cart>on balance, as described in this annex, may t>e helpful in such cases to conftmi 
complete biodegradability. Such a t>alance is based on the summation of the amounts of cart>on deriving from the 
following measurements: the carbon evolved as cartx>n dioxide, the carbon produced as new biomass, the carbon 
transformed into water-soluble organic metabolites, the cart>on determined as DOC and the cartoon renr^ining in the 
undegraded polymer material. The cart)on sum is compared with the amount of organic cart)on in the test material 
inlrodut^d into the test system. 

C.2 Test procedure 

Determine the amourU of carbon dioxide evolved as described in 8.4. 

Take samples of the inoculated medium at the beginning, before adding the test nnaterial. and at the en<i of the 
incubation period. Sampling must be done carefully to obtain representative samples. Pass the sanples through a 
membrane filter or centrifuge them at at>out 40000 m s"^. 

Determine, for each sample, the amount of biomass on the filter or in the residue using suitable methods, eg by 
protein rr>easurement. Determine or assume the anriount of cart)on in the biomass and calculate frwrt the difference 
the increase in organic cart>on in the biomass. 

Determine, in accordance with ISO 8245. the DOC in the filtrate from each sample, and calculate the increase in 
organic carbon. If possible, identify the substances forming the DOC in order to confirm the production of water- 
soluble metabolites. 

Determine the amount of carbon in the residual polymers at the end of the test using the whole of each remaining 
sample. This is normally a difficult procedure and can be done either directly if a potymer-spedfic analysis is 
available (see annex D) or indirectly. In the first case, exfract and weigh ^e residual polymers and calculate from 
their known composition the amount of carbon. One possible method for indirect detenmination rs to wash, dry and 
weigh the residue and determine the total organic carbon (TOC). Then subtract the biomass carbon (see above) 
from the TOC to obtain the amount of carbon in the residual polymers. Another possibility is to weigh the residue 
exactly and then treat it, using a suitable method, to destroy the biomass but not the polymers (this has to be 
checked in advance). Use e.g. sodium hypochlorite, remove the soluble part an^d weigh the sampte again Assume 
that all bbmass has been removed and calculate from the mass obtained the polymer content of the residue. 
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C.3 Calculation of the carbon balance 

Calcutate the biochemicaiJy oxidized amount of cartxjn Cqq^ (mgA) in the test material introduced into the test 
system (cartxjn content C^at) ^^m the percentage biodegradation O, obtained in the C02-evolution test (see 
9.1.2). using equation (C.1): 



'-CO2 



-MAT 



xD, 



100 



...(C.1) 



Calculate the increase in biomass cartx)n in the test flasks containing test material Cqiq (mg/l) by comparing the 
biomass at the beginning and the end of the incut>ation test period, considering the measured or estimated amount 
of carton in the biomass Cgistart) ^"^ ^B(endi' ^^ shown in equation (C-2): 



Ceio ~ *^B(tnd) ~ ^B(start) 



. . . (C.2) 



Determine the irKrease in DOC during the incubation period Cqoc ("^) ^Y comparing the DOC concentrations at 
the begkining DOC^^j^j and the end DOC^^^j as shown in equation (C.3): 



Determine the amount of organic carbon in the residual polymers at the er>d of the test Cpo^. 



- (C.3) 



Calculate the different amounts of transformed carbon as percentages of the introduced carbon Cjyy^j and sum to 
obtain the cakrulated carbon Ccalc (**^) ^^ shown in equation (C.4): 



^CALC " ^C02 * <^BtO ■*■ ^DOC * ^POL 



. . . (C.4) 



C.4 Example: Cart>on balance of poly(j!^ydroxybutyrate)^ 

Input of test matenal C^^j = 600 mg/l = 334.8 mg/l of carbon 
Degree of btodegradation D^ - 78 % 





^8<»t»rt) 


^{•nd) 


^^BiO 


^^^CK^jjtjrt) 


DOC(,n(,j 


DOC 


^C02 


mg/l 


3.2 


61.0 


57.8 


2.0 


22.0 


20,0 


261 


^0'<^MAT 






17.2 






6.0 


78 



C^cuiated carbon balance Ccalc " ^^ °^** + 17 % + 6 % = 101 % of C^,at 



2) Tilian from Pitdtwmr (1094) (rsferenc« (6] m annex E). 



ts 



IS/ISO 148S2 : 19M 



Annex D 

(informative) 



Example of a determination of the amount of water-insolubie polymer 
remaining at the end of a biodegradation test and the molecular mass of the 

polymer 



[t may be helpful to use a procedure for measuring the amount and the nx)lecular mass of polymers remaining at 
the end of a biodegradation study. The following nnethod or another appropriate one can be used to analyse water* 
insoluble polymers that dissolve in organic solvents which are not miscible with water. 

a) Transfer the test mixture to a funnel, add a suitable organic solvent and shake for 10 mtn to 20 min to extract 
the remaining polymers. Separate the organic solvent layer from the aqueous layer. Add fresh solvent and 
repeat the procedure. 

b) Combine the organic extracts and evaporate the solvent until dry. Dissolve the soltd sample in an appropriate 
volunne of a suitable eluate. 

c) Using a microsyringe, inject a suitable amount into a high-performance liquid chromatography (HPLC) 
apparatus having a column packed with a size-exclusion chronriatographic get. Start the analysts and record the 
chromatogram. 

d) Determine the amount of polymer present using a calibration curve. 

e) Determine the molecular mass of the polymer by injecting into the chromatograph the same polymer, or 
polymers of structure similar to that of the test polymers whose molecular masses are krK)wn. The relatiooshjp 
between the retention time and the molecular mass is obtained from the resulting chromatogram. Calculate the 
molecular mass using this relationship. 

The absolute molecular mass of the test polymer can also be determined by HPLC with a combined tow-angfle 
laser-light scattering (LALLS) and differential refractive index (Rl) detector. 
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Annex E 

(informative) 
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TECHNICAL CORRIGENDUM 1 



Technical Corrigendum 1 to 180 14852:1999 was prepared by Technical Committee iS0/TC61, fiastics, 
Subcommittee SO 5. Physicat-chemical properties. 



Page 7, Subctause 8.3 

In line 2 of the Note following the second paragraph, replace "ICH" by "10^ to 10^*- 
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